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Type 2 diabetes (T2D) is considered to be one of the major public health challenges. The prevalence of T2D is in the range of 2%--10% in industrialized countries, with an increasing trend \[[@B1]--[@B3]\]. T2D is characterized by a loss of metabolic fuel homeostasis caused by insulin resistance, that is, the inability of tissues to respond to insulin \[[@B4]\]. As the normal functions of insulin, including the control of glucose uptake into peripheral tissues and suppression of the release of stored lipids from adipose tissue, become defective, hyperglycemia and dyslipidemia follow. The chronic increase in circulating glucose and lipid levels can further impair insulin secretion and lead to progressive β-cell failure. T2D is often associated with and preceded by obesity and metabolic syndrome \[[@B5]\]. The disease is thought to be caused by environmental and inherited factors in about equal proportions \[[@B6]\]. Many environmental risks factors are known, and they include obesity, sedentary lifestyle, low or high birth weight, stress, nutritional factors, and toxins \[[@B1], [@B2]\]. Tobacco smoking has been found to be a risk factor with a relative risk of about 1.6 for smokers of one pack or more per day \[[@B7]\]. The data on alcohol consumption are controversial, but most data suggest a U-shaped relationship between consumption and T2D \[[@B8]\]. Family history is an important risk factor that has been shown in twins and singleton siblings \[[@B1], [@B6], [@B9]--[@B13]\]. Recent genetic studies have revealed some 20 genes/loci to be associated with T2D \[[@B6], [@B12]\]. T2D is also manifested in rare Mendelian forms that account for \<2%--5% of all cases and that are of early onset \[[@B6]\]. Some 10% of T2D patients could be diagnosed with latent autoimmune diabetes of the adult \[[@B14], [@B15]\].

T2D shares risk factors with cancer, such as obesity and sedentary lifestyle. It is also conceivable that the chronic metabolic and hormonal disturbances that are characteristics of T2D predispose to cancer; these include aberrations in the insulin-like growth factor pathway and steroid hormone metabolism \[[@B16]--[@B18]\]. Consequently, there is evidence that T2D is associated with elevated risks for and mortality from liver, pancreatic, breast, endometrial, kidney, bladder, and colorectal cancers and non-Hodgkin\'s lymphoma \[[@B16]--[@B22]\].

In the present study, we assessed subsequent cancer risks in T2D patients first hospitalized for T2D at age \>39 years. The age limit and some other inclusion criteria were applied because "diabetes mellitus" has been distinguished as T2D only since 1997. The present nationwide study on 125,126 T2D patients is the largest yet published and has statistical power to address cancer risk at sites for which data are lacking or inconclusive. As a novel approach, a separate analysis of patients with a family history of T2D was carried out in order to test for shared genetic and environmental risk factors for T2D and cancer.

M[aterials and]{.smallcaps} M[ethods]{.smallcaps}
=================================================

All the databases used in this study were nationwide, covering the whole population of Sweden over a defined period of time (9.0 million in 2005). The research database used for this study was a subset of the national MigMed 2 datasets at the Center for Primary Health Care Research, Malmö, Lund University. The MigMed database was compiled using data from several national Swedish registers provided by Statistics Sweden, including the Multigeneration Register, in which persons (second generation) born in Sweden in 1932 and thereafter are registered shortly after birth and are linked to their parents (first generation). Sibships could be defined for the second generation. National Census Data (1960--1990) and the Swedish population register (1990--2001) were incorporated into the database to obtain information on individuals\' socioeconomic status. Dates of hospitalization for T2D were obtained from the Swedish Hospital Discharge Register for the years 1964--2007. Patients registered for hospitalization stayed at least one night in the hospital, usually in wards with specialists; the Register does not include outpatients in hospitals or health care centers. Diagnoses were reported according to the different versions of the International Classification of Diseases (ICD), and only the primary diagnosis was considered. The codes for T2D and type 1 diabetes were first separated in ICD-10 (≥1997) and we thus included only patients aged \>39 years at first hospitalization; this age limit is the same one used by the National Swedish Diabetes Registry \[[@B23]\]. Further, in order to minimize the number of patients with type 1 diabetes, from 1997 onward, only the diagnosis of T2D was accepted and anyone who was diagnosed with any non-T2D diagnosis in ICD-10 was removed from the analysis. All linkages were performed using the national 10-digit civic identification number that is assigned to each person in Sweden for his or her lifetime. This number was replaced by a serial number for each person in order to provide anonymity and to check that each individual was entered only once, for his or her first hospitalization for T2D. Mistakes in the civic identification number are rare because it contains a control code. For cancer registration, the accuracy is very high because of established routines \[[@B24]\]. Quality checks on the Hospital Discharge Register have shown large differences based on, for example, diagnosis, hospital, and time, with coding errors given at 6%--8%; no representative data are available for T2D. However, the very high familial risks that we have reported for T2D in families of multiple affected individuals would not be possible without a reasonable diagnostic accuracy \[[@B13]\] (see also Discussion). Over 11.8 million individuals in \>3.5 million families were included in this database; 8.9 million individuals belonged to the second generation, which had reached the age of 75 years at the end of the follow-up, which spanned 1964--2007 \[[@B25]\]. Family history was defined through hospitalization for T2D in a first-degree relative \[[@B13]\].

Cancer cases were obtained from the nationwide Swedish Cancer Registry. Person-years of follow-up were calculated from the start of follow-up on January 1, 1964 until hospitalization for T2D, death, emigration, or the closing date, December 31, 2007. The median follow-up time was 15 years from the last hospitalization, 13 years when the follow-up was started 1 year later, and 9 years when it was started 5 years later. Last hospitalization and the various follow-up times were used in order to reduce the possibility for biased surveillance in patients who underwent treatment. Standardized incidence ratios (SIRs) were calculated as the ratio of observed to the expected number of cases. Expected numbers were calculated for anyone not hospitalized for T2D, that is, for the whole Swedish population \>39 years old and not hospitalized for T2D. The expected numbers were calculated as age (5-year groups), sex, period (5-year groups), region, and socioeconomic status--specific standard incidence rates. An additional adjustment was made for hospitalization for obesity using codes ICD-7 = 287.00, 287.09; ICD-8 = 277.99; ICD-9 = 278A; and ICD-10 = E65-E68 \[[@B26]\]. In total, 30,020 individuals were hospitalized for obesity and 1,171 of those were T2D patients. Ninety-five percent confidence intervals (95% CI) were calculated assuming a Poisson distribution, and they were adjusted for dependence between sibling pairs \[[@B27]\].

The study was approved by the regional ethical review board at Lund University.
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The number of T2D patients aged \>39 years at first hospitalization and fulfilling the other entrance criteria was 125,126, of whom 51,468 were first hospitalized at age \>69 years; 26,641 patients had an affected family member. In [Table 1](#T1){ref-type="table"}, the first columns show the number of cases and incidences in the reference population, those not hospitalized for T2D. The SIR for the reference population was 1.00. Follow-up for cancer was started after last hospitalization for T2D. Cancer risks for T2D patients are shown in [Table 1](#T1){ref-type="table"} separately for the whole follow-up period (All) and for the follow-up that started 1 year (All 1+) or 5 years (All 5+) after hospitalization for T2D, because the SIRs were higher for All than for the other follow-up periods, probably because of a concomitant diagnosis of T2D and cancer. This was seen in the decreasing SIRs for all cancers, 1.78 for All, 1.37 for All 1+, and 1.15 for All 5+. Only sites with ≥50 cases or significant SIRs for the All period are shown. For the All period, the highest SIRs were for pancreatic (6.08) and liver (4.25) cancers, and liver cancer showed the highest SIR of 3.12, even in the All 5+ period. Notably, the risk for primary liver cancer was higher than those for gall bladder and extrahepatic bile duct tumors; the SIR was 4.66 in the All 5+ period. In that follow-up period, even the risks for upper aerodigestive tract, esophageal, colon, rectal, pancreatic, lung, cervical, endometrial, ovarian, and kidney cancers were significant.

###### 

SIRs for subsequent cancer in patients with T2D
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^a^The SIR for the reference population is 1.00.

All, follow-up started from last hospitalization; All 1+, follow-up started 1 year after last hospitalization; All 5+, follow-up started 5 years after last hospitalization.

Bold type indicates that the 95% CI does not include 1.00.

Abbreviations: CI, confidence interval; O, observed number of cases; SIR, standardized incidence ratio; T2D, type 2 diabetes.

Familial T2D patients (only data for the All 1+ period are shown in [Table 1](#T1){ref-type="table"}) had no difference in risk for all cancers (1.04) than all patients (1.37), which was influenced in part by the significantly lower risk for prostate cancer (0.54) in the familial patients than in all patients (0.84). In familial T2D patients, the risk for prostate cancer decreased in a uniform fashion according to the number of hospitalizations, reaching a SIR of 0.43 (*n* = 13; 95% CI, 0.23--0.74) for three to five hospitalizations and 0.10 for more than five hospitalizations (*n* = 1; 95% CI, 0.00--0.58). The risk for pancreatic cancer was significantly lower in familial than in all patients (2.41 and 3.57, respectively). Some cancers that had higher risks in all patients were not higher in familial patients because of the lower number of cases. However, the risk for melanoma was lower only in familial patients (0.67).

The SIRs for all sites combined were about 0.2 decimal units higher for women than for men, which was mainly explained by the low SIR for prostate cancer (data not shown). Compared with the All 5+ period in [Table 1](#T1){ref-type="table"}, only the male SIR of 4.09 for liver cancer was significantly greater (*n* = 161; 95% CI, 3.48--4.77). For females for the All 5+ period, the SIRs were higher for gastric cancer (1.51; *n* = 51; 95% CI, 1.12--1.98) and for nervous system tumors (1.43; *n* = 38; 95% CI, 1.01--1.96). For melanoma, the female SIR was lower at 0.56 (*n* = 17; 95% CI, 0.33--0.90).

[Table 2](#T2){ref-type="table"} shows cancer risks according to age at last hospitalization for T2D when follow-up started 1 year later (All 1+). For some high-risk cancers, such as liver and pancreatic cancers, the age at hospitalization appeared not to be critical. For stomach, ovarian, and endocrine tumors, age at first hospitalization was associated with risk. For prostate cancer, the lower SIR was stronger when hospitalization took place at a young age, which was also true of the lower risk for melanoma.
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SIRs for subsequent cancers in patients with T2D by age at hospitalization when follow-up was started 1 year after last hospitalization
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Bold type indicates that the 95% CI does not include 1.00.

Abbreviations: CI, confidence interval; O, observed number of cases; SIR, standardized incidence ratio; T2D, type 2 diabetes.

The number of hospitalizations for T2D may be an indication of the severity of the disease. The effect of number of hospitalizations was analyzed and results are presented in [Table 3](#T3){ref-type="table"}. For all cancers, there were no large effects and all the SIRs were around 1.3--1.5. Cancers at some sites, including the upper aerodigestive tract, esophagus, liver (primary), lung, and nervous system, were associated with the number of hospitalizations. For many other tumors, such as colon and endometrial cancers, non-Hodgkin\'s lymphoma, and leukemia, the significant SIRs were usually observed for patients with a lower number of hospitalizations. The lower risk for prostate cancer was largest for patients with multiple hospitalizations; the lower risk for melanoma was only observed in patients hospitalized once.
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SIRs for subsequent cancers in patients with T2D by number of hospitalizations when follow-up was started 1 year after last hospitalization
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Bold type indicates that the 95% CI does not include 1.00.

Abbreviations: CI, confidence interval; O, observed number of cases; SIR, standardized incidence ratio; T2D, type 2 diabetes.

We also analyzed the frequencies of other diseases for which T2D patients were hospitalized after their last hospitalization for T2D in order to find relationships with cancer risk factors. However, the most common hospitalizations were conditions related to T2D, such as coronary heart disease, stroke, atherosclerosis, cardiac fibrillation, abdominal and chest pain, and femur fracture.
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The use of hospital discharge data has great advantages, such as access to a nationwide patient pool and a reasonably high diagnostic accuracy, because the discharge diagnoses are often delivered by specialists during extended examinations in the clinic. In Sweden, hospitalization for T2D may be a secondary or tertiary referral step; T2D is diagnosed in primary care centers that refer patients to hospital outpatient clinics or directly to inpatient clinics. Hospital clinics are directed by specialists in internal medicine or endocrinology/diabetology \[[@B23]\]. With poor diagnostic accuracy, any effects would be expected to regress toward null. One limitation is that not all T2D patients are hospitalized and there is probably a selection toward severe disease presentation and complications. However, even among the present T2D cancer patients, 56% had been hospitalized only once ([Table 3](#T3){ref-type="table"}), and among those patients the number of cancers with an elevated risk was similar to that for all T2D patients (22 cancers had higher risks for patients hospitalized once, compared with 23 cancers in the All 1+ period shown in [Table 1](#T1){ref-type="table"}; cervical cancer was the only difference). By extrapolation from regional rates, it has been estimated that there would have been some 350,000 T2D patients in Sweden in the year 2004 \[[@B28]\]. On the other hand, at the same time, the National Diabetes Register in Sweden only included 57,000 patients with an age at onset \>39 years \[[@B14], [@B23]\]. The Register figure is an underestimate because not all primary care centers or diabetes clinics participate. Thus, the present overall figure of 125,126 patients hospitalized at age \>39 years and defined as having T2D by the ICD-10 appears to lie between the National Diabetes Register number, corrected for full coverage, and the extrapolated figure for T2D patients. Even if some type 1 diabetes patients could not be excluded, they would not essentially contribute to the present results because of the unclear association with any risk for cancer \[[@B18]\]. Regarding the present patients series, we discussed diagnostic accuracy and coverage in more detail in a recent article \[[@B13]\]. We had no data on many risk factors of or treatment for T2D, which might have influenced the results. The data were adjusted for the risk factors for which data were available, including obesity, based on hospital records on patients ever discharged with this condition. This adjustment, however, had hardly any effect on the risks, in agreement with a U.S. study \[[@B19]\].

Another issue relating to the interpretation of the results is the change in SIR depending on the definition of the follow-up time (All, All 1+, and All 5+). For all cancers, the highest risks were observed during the year of hospitalization for T2D, which is likely to be a result of lead time bias. The Cancer Registry records all new cases of cancer, and close to 100% of the cases are histologically or cytologically confirmed \[[@B24]\]. Thus, lead time bias only shifts the diagnoses earlier, and because diagnostic accuracy is not compromised, even early cases are true cancers. Thus, while the All follow-up period overestimates, the All 1+ and All 5+ periods are likely to underestimate the true risk. The avoidance of lead time bias was also the reason for our selection of starting follow-up from the last hospitalization. It is likely that cancers would be diagnosed earlier in persons who are hospitalized, even for conditions not related to cancer, than in nonhospitalized persons. However, the effects are expected to be small \[[@B29]--[@B33]\].

The literature on T2D and cancer is far too extensive to be covered here, and we refer to the five reviews published since 2007 \[[@B16]--[@B18], [@B21]--[@B22]\]. One of them concluded that an association with pancreatic cancer has been established, and that an association with colorectal, liver, endometrial, and bladder cancers is supported by some data, similar to the inverse association with prostate cancer \[[@B18]\]. In the present study, we confirmed all these conditional associations in reporting increased risks for 25 cancers in the All period and increased risks for 23 cancers in the All 1+ period. The risks were highest for liver cancer through all follow-up times, except for the All period, in which the risk for pancreatic cancer was highest. Five years after the last hospitalization for T2D (the All 5+ period), 11 cancers had excess risks, with liver cancer showing the highest risk of 3.12 (primary liver cancer, 4.66), followed by pancreatic (1.80), endometrial (1.76), cervical (1.59), and esophageal (1.51) cancers. The higher risks for cervical, upper aerodigestive tract, and esophageal cancers may suggest impairment of defenses against viral transformation. Esophageal and upper aerodigestive tract cancers are related to smoking, but because the SIR for lung cancer was only 1.16 (for the All 5+ period), smoking alone cannot explain the elevated risks \[[@B7]\]. However, excessive consumption of alcohol in combination with smoking may contribute to a greater risk for these cancers \[[@B8]\]. T2D has been assumed to interfere with estrogen metabolism, and previous studies have shown evidence for higher risks for endometrial and postmenopausal breast cancers \[[@B16], [@B18]\]. Most breast cancer patients in the present population, aged \>39 years at the start of the follow-up period, would be postmenopausal and the higher breast cancer risk was only seen for follow-up periods that started shortly after hospitalization for T2D. In contrast, the higher risks for endometrial and ovarian cancers were clear. Obesity is another shared risk factor between T2D and cancers of the endometrium, kidney, colon, and (postmenopausal) breast; however, the applied adjustment for obesity did not change the present results \[[@B18], [@B34]\]. We lacked data on the treatment for T2D and cannot distinguish between the effects caused by the disease and those caused by the treatment received \[[@B21]\]. However, one can assume that treatment-related effects were related to the age at hospitalization and the number of hospitalizations, parameters that did not correlate with risk for most cancers.

To our knowledge, no previous study has followed cancer in familial T2D patients. There were a few differences between familial T2D patients and all T2D patients. Notably, the risk for prostate cancer was lower in familial patients and it reached an SIR of 0.42 in patients with three to five hospitalizations and 0.10 in patients with more than five hospitalizations. The risks for pancreatic cancer and melanoma were also lower in familial patients than in all patients. The lower risk for prostate cancer has been observed in other studies, which is consistent with a lower level of serum prostate-specific antigen in diabetics \[[@B35]\]. The effects have been ascribed to low androgen levels, but the relationships remain to be established \[[@B17], [@B36]\]. The data on cancer risk for familial T2D patients suggest that the genetic and environmental mechanisms contributing to familial T2D appear not to be risk factors for cancer. These data indicate that obesity is not likely to be a large confounder of the present associations because high heritability of obesity should lead to higher risks for cancer in familial T2D patients \[[@B37]\]. Similarly, smoking clusters in families \[[@B38]\]; thus, the lack of excess familial risk at smoking-related sites (esophagus, kidney) suggests that smoking was not a confounder. The markedly lower risk for prostate cancer appeared not to be a chance finding. Unraveling of the underlying mechanisms may give important clues about the shared pathways of T2D and prostate cancer.

In summary, this large study on Swedish T2D patients found an elevated risk for 23 cancers when follow-up started 1 year after hospitalization for T2D. The large number of novel cancer sites may be explained by the high statistical power of the study and, probably, by patient selection toward those with severe disease leading to hospitalization. The highest risks were found for liver and pancreatic cancers. The increased risks at these and many other sites cannot be explained by the risk factors for familial T2D because no excess risks were observed in familial diabetics. Rather, the effects on many cancers may be related to the multitude of metabolic disturbances of T2D. The decreased risks for prostate cancer and melanoma remain intriguing and challenging for the future.
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